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Membrane electrode unit for etectrochemical equipment 
the ynv^nnoB 

5 The invention concerns the technological field of electrochemistry and describes a 

membrane electrode unit (''MEIT) for electrochemical equipment such as fuel cells 
(membrane fuel cells, PBMFC [polymer electrolyte membrane fuel cells], DMFC, etc.), ' 
electrolyzers, or electrochemical sensors. A process for producing the menibrane 
electrode unit, and its use, are also described. 

10 Fuel cells convert a fuel and an oxidizing agent, located apart from each other at 

two electrodes, into electrical current, heat and water. The fuel can be hydrogen or a 
hydrogen-rich gas. Tlie oxidizing agrat can be oxygen or air. Ibe process of morgy 
conversion in die fuel cell is distinguished by a particularly hi^ efficiency. Because of 
that, fuel cells conibined with electrical motors are gaining iirportance as alternatives for 

IS the usual conflmstion engines. 

The polym^ electrolyte fuel cell (PEM fiiel cell) is particularly suitable for use in 
electric automobiles because of its compact construction, its power density, and its high 
efficiency. 

In this invention, a PEM fuel cell stack is understood to be a stack-like 
20 arrangement ("stack") of fuel cell units. In the following, a fuel cell unit is also called, 
briefly, a fiiel cell. Each one contains a membrane electrode unit (MEU), which is placed 
betwe» bipolar plates, also called sq>arator plates, for ^ supply and current 
conduction. 

A membrane electroile unit comprises an ionically conductive membrane, which 
25 has electrode reaction layers containing catalysts, on both sides. One of the reaction 
layers is made as the anode for oxidation of hydrogoi^ and the second reaction layer is 
made as a caAode for reduction of oxygen. So-called gas distributor substrates (GDS) or 
gas-difiiision layers (GDL) of nonwoven carbon fiber, carbon fiber paper, or carbon fiber 
clotii are applied to these catalyst layers. They provide good access for the reaction gases 
30 to the electrodes, as well as good conduction of the cell current The anode and cathode 
contain electrocatalysts that catalytically support the particular reaction (oxidation of 
hydrogen or reduction of oxygen). 
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The metals of ttie platinmn group of the periodic system are preferably suited as 
catalyticaUy active components. In most cases^ supported catalysts, in which the 
catalytically active platinum group metals are applied in highly dispersed form to the 
surface of a conductive support material, are used The mean crystallite size of the 

S platinum group metals is then firom about 1 to 10 nm. Finely divided conductive carbon 
blacks have proved good as siqpport materials. 

The ionically conductive membrane consists preferably of proton-conducting 
polym^matmals. These matmals are designated briefly as ionomers in the following. 
A tetrafluoroethylene-fluorovinyl ether copolymer with sulfonic acid ffoups is preferred. 

10 This material is sold, for exanple, by DuPont, under die tradename Nafi^ Howevor, 
other ionomeric materials, especially fluorine-fiee ones, such as doped sulfonated 
polyether ketones or doped sulfonated or sulfinated ar^etones, and doped 
polybenzimidazoles, are usable. Suitable ionically conductive membranes have been 
described by O. Savadogo in "Journal of New Materials for Electrochemical Systems " 

IS 1, 47-66 (1998). In general, these menibranes must have a thickness from 10 to 200 \m 
for use in fiiel cells. 

The present invmtion describes membrane electrode units (MEUs) with improved 
characteristics wifli respect to pow^, lifetime, and sealing of Ifae gas spaces or gas 
manifolds. Sealing of the gas spaces of PEM fiiel cells apinst outside air is essential for 
20 safety and for use oftfie fuel cell technology. 

Such concepts for phosphoric acid fuel cells (PAFC) have abeady been described 
in US 5,407,759. The cell contains phosphoric add between a pair of electrodes, and a 
sealing frame of a metal oxide and fluorinated rubber. An additional sealing ribbon is 
placed between the electrode and the sealing frame. 
25 Other design concepts for membrane electrode units are described in US 

3,134,697 and EP 700 108 A2, These concepts are characterized by the fact that the 
membrane forms an edge that projects past the electrodes, and which is clanged between 
the cell plates and, if necessary, between other seals, when the electrodes are sealed. 

Membrane electrode units (MEUs) widi projecting membrane edges are, however, 
30 susceptible to mechanical damage mproductibn and asseinbly. Such damages easily 
result in Mure of the cell because the membrane must separate die gas spaces for the 
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reactive gases, hydbx)gen and oxygeiii from each other. M embraDe damage occurs ^ 
particularly easily if very thin membranes (i. e., to 25 pm thickness) are used. That 
causes problems in MEU production, especially for continuous processes. 

US 3,134,697 discloses another constroction method for MEUs, and describes the 
S use of precut frames of polymer material, which are placed around the electrode between 
' themenibmeandthebi^^^ 

Various desiga geometries for sealed membrane electrode units are suggested in 
EP 0 586 461 Bl. In those, the membrane electrode unit made up of two g^s distributor 
substrates and one membrane is surrounded with elastic sealing material and conq>ressed. 
10 Enclosing the MEU and subsequent conqnression can result m failure of ttie cell in case of 
damage or perforation of the membrane. 

US 5,176,966 describes another concept The porous, electrically conductive.gas 
distributor substrates of the membrane electrode unit completely cover the membrane. 
That is, the membrane and the gas distributor substrate have the same dimensions and are 
15 ''coextensive." The sealing is accomplished by impregnating the carbon fiber substrate 
C'caibon fiber paper'*) with a sealing material around die electrochemically active sudbce 
and around the openinga for fluid transport 

DE 197 03 214 describes a membrane electrode unit, which also has a coextensive 
design, in which the mmibrane is essentially completely covered on both sur&ces by the 
20 electrodes or gas distributor substrates. An integral sealing edge is provided around the 
periphery of the membrane electrode unit, wifli at least one electrode penetrating the ed^ 
region. Except for the front surface, die sealing noaterial does not come into contact with 
a free membrane surface. 

In the design concepts based on the coextensive design (that is, Aose in which 
25 essentially the entire membrane surface is covered and supported by the gas distributor 
substrate or &e electrode), the poles of the friel cell (i. e., anode and cathode) are 
separated by only a few micrometers at the edge (less than 100 |jm as a rule). On cutting 
or separatmg the MEUs and m other subsequent process steps, tiiere is a danger of the 
electrodes bdng short-circuited (by fibers from die gas distributor substrate, for instance). 
30 This means diat short circuits and failures can often occur in production of MEUs by the 
coextensive design. 
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The gas-tight seal between the reactive oxygen (or air) and hydrogen is another 
problem in the coextensive design. The seal would require perfect inqpregnation of the 
peripheral regions of the gas distributor But this inqpregnation would have to extend to 
t&e membrane below the gas distributor substrate to prevent hydrogen seeping throug}i to 

S the outer edge of the gas distributor substrate. That is scarcely possible because of &e 
fine pores in the gas distributor substrates and catalyst layers. There is no direct contact 
of the sealing nuterial with a free surface of the ionicaUy conductive membra 
Iheiefore there can be increased penetration of hydrogen to the cathode of the membrane 
electrode unit in Ae coextensive design. That results in lowering of die open cell voltage 

10 (OCV) and, because of that, in a lower electrical capacity of the MEU. 

Summary of the Invention 

ThereforCi it was the objective of die present invention to provide a membrane 
electrode unit, which overcomes the disadvantages of the state of die art and, in 

1 S particular, proves to be a better design concept 

This objective is attained by the membrane electrode unit according to claim 1. 
Advantageous embodiments of the membrane electrode unit are described in the claims. 
Other claims are directed toward a process for their production, theur sealing or 
inq[)r^pation, and use of die membrane electrode unit according to the invention in 

20 electrochemical equipment 

The mranbrane electrode unit according to die invention has an ionically 
conductive m^ooibrane having a catalyst l^yer on its front and back sides. Tliey are in turn 
combined widi a gas distributor substrate so that the first gas distributor substrate has a 
smaller area than the ionically conductive membrane and the second gas distributor 

25 substrate essentially covers the membrane. Figures 1 and 2 show the structure of the 
membrane electrode unit according to the invration as cross-sections. 

For a better understanding of die present invention together witii other and further 
advantages and embodiments, reference is made to the following description taken in 
conjunction widi the examples, the scope of the which is set forth in the appended claims. 

30 
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Brief DescriDHon of the Figures 

Hie prefeired embodiments of the invention have been chosen for putposes of 
illustration and description but are not intended to restrict tiie scope of the invention in 
any way. The prefened embodiments of certain aspects of die invention are shown in the 
5 accompanying figure, wherein: 

Figure 1 shows one prefened embodimrat of the menibrane electrode unit 
according to die invention, witti the **semi-coextensive" design. 

Figure 2 shows a second preferred embodiment of a MBU according to the 
invmtion wiih smu-comtensive design. 
10 Figure 3 is a cross-section showing the seal, sealing, or impregnation of the 

membrane electrode unit according to the invention with suitable sealing material. 

Figure 4 is a cross section showing tiie sealing material inq)regnated to a depth of 
at least 1 mm, preferably 3 to 10 mm, into the edge of die gas distributor substrate. 

15 Detailed Description of the Preferred Embodiments 

The present invention will now be described in connection with preferred 
embodiments. These embodiments are presented to aid in an understanding of die 
preset invention and are not intended to, and should not be construed, tQ limit die 
invention in any way. All alternatives, modifications and equivalents that may become 
20 obvious to those of ordinary skill upon reading die disclosure are included within the sprit 
and scope of the present invention. 

Figure 1 shows one preferred embodiment of the membrane electrode unit 
according to die invention, with die *'semi-coextensive** design. There (1) indicates die 
ionically conductive membrane, which is in contact widi die catalyst layers (2) and (3) at 
25 its front and back sides. 

The sur&ce of die first gas distributor substrate (4) is smaller dian diat of die 
membrane (1), so diat die membrane (1) has a surfiice (6) on die fix>nt side, which is not 
supported by die ^ distributor substrate (4). The entire area of die underside of die 
membrane (1) is in contact widi die catalyst layer (3), and die entire sur&ce is supported 
30 by gas distributor substrate (5). The smaller gas distributor substrate is centered on die 
membrane. In die finished membrane electrode unit, die distance firom die outer edge of 
the smaller first gas distributor substrate (4) to the outer edge of die larger second gas 
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distributor substrate (5) is at least 1 nun all the way around, and preferably at least 2 nun. 
Tbe catalyst layers (2) and (3) have different surface dimensions; that is, they are not 
equally large. v 

Figure 2 shows a second preferred embodiment of a MBU according to tfie 

5 mvention with semi-coextensive design. Hie design is essentially comparable with 
ngure 1, but die catalyst layers (2) and (3) have the same surface dimensions. The area 
of the first gas distributor substrate (4) is smaller ttian that of the mmibrane (1), so that 
the membrane (1) again has a sur&ce (6) which is not supported by tfie gas distributor 
substrate (4). In this enibodimmt, fliough, Ote catalyst layers (2) and (3) have die same 

10 sur&ce dimensions as the ionically conductive membrane (1). 

Figure 3 is also a cross-section showing the seal, sealing, or impregnation of the 
membrane electrode unit according to the invention with suitable sealing material (7). 
Here the edge of the gas distributor substrate (4, 5) and the surface (6) of the ionically 
conductive membrane (1) not supported by a gas distributor substrate are surroimded by a 

IS sealing material (7). 

In this embodimwt, it is preferable for the sealing material to be in[q)regnated to a 
depdi of at (least 1 mm, preferably 3 to 1 0 mm, into the ed^ of the ps distributor 
substrate (4, S), as shown in Figure 4. These additionally unpr^gnated places in die gas 
distributor substrate are indicated in this figure widi (7a). 

20 Presence of a firee m^nbrane sur&ce not siq>ported or covered by a gas distribuUir 

substrate is an essential feature of the membrane electrode unit widi semi-coextensive 
design according to the invention. It has been found, surprisingly, &at exactly that 
circumstance achieves significantly better gas-tigjbtness in the sealing of the edge regions 
of the membrane electrode unit. 

25 Hiat is of particularly great iiiq)ortance because so-called '"hot spots" at which the 

hydrogen is burned catalytically can occur on the oxygen side of die fiiel cell in case of 
increased penetration by hydrogen. Tliat can result in failure of the cell after very brief 
use. But such effects can occur especially with longer-term use of the MBU in a PBM 
fiiel cell stack, and substantially shorten die life of die stack. A drop in die open ceU 

30 volta^ with no current (OCV) to a value below 920 mV is a sign of increased 

penetration of hydrogen to die oxygen side of the fiiel cell Tlie hydrogen penetration can 
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also be measured as a penetration current by means of cyclic voltammetry. Values 
greater than 1 .5 mA/cm^ for the penetration current density indicate leakages. The 
measurement methods depicted are used in the present supplication to document the 
inq>roved characteristics of the membrane electrode unit with semi-coextensive design. 
5 Another advantage of the MBU according to the invention is that it has a stable 

structure, which can be manipulated well because of the structure described. The two 
poles or electrodes of the mCTbrane electrode unit are farOier separated spatially at Ae 
edge region because of tiie structure according to the invention. On cutting or separating 
tiie MEUs and in otiier subsequent processing steps, fliere is no danger that the poles will 
10 be short circuited by» for instance, fibers from tiie gas distributor substrates. 

The membrane electrode units according to the invention can be produced with 
the current processes known to those skilled in tiiis area of the art. 

For exanq)le, one route goes by sealing togetiier or laminating two catalyst-coated 
gas distributor substrates on the front and back side of flie ionically conductive 
15 membrane. The gas distributor substrates used, having different surface dimensions, are 
coated with inks contaming catalysts and dried. Then that is pressed, with application of 
heat and pressure, wi^ a membrane, with sur&ce dim^ions corresponding to those of 
tiie larger distributor substrate. The gas distributor substrate can conq>rise porous, 
electrically conductive matmals such as caibon fiber pq)er, carbon fib^ nonwoven 
20 cloth, caibon Sbes cloth, metal mesh, metallized fibrous clotii and tiie like (so-called 
'^processing on catalyst-coated gas distributor substrate'"). 

Alternatively, catalyst coated menibranes (XCMs") can also be used, llien, in 
another combining step, one applies gas distributor substrates, which are usually not 
coated witii tiie catalyst, to tiie catalyst layers applied directiy onto the membrane. In this 
25 process it is important tiiat one of tiie two gas distributor substrates essentially covers the 
membrane and that the second gas distributor substrate be smaller than tiie membrane 
(so-called 'processing on catalyst-coated membranes*'). 

Obviously, mixed forms and combinations of these two processes can also be 
used to make the MEUs according to tiie mvention. 
30 Organic polymers which are inert under the operating conditions of tiie fiiel cell 

and whicli do not release any poisoning substances can be used to seal the menibrane 
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electrode units according to the invention. The polymers must be able to make a gas- 
tight enclosure around the gas distributor substrate. Other important requirements for 
such a polymer are good ability to adhere and good wetting properties on the free surface 
of the ionically conductive membrane. 

5 One groiq[> of suitable materials is theimoplastic polymers such as polyeth;^ene, 

polypropylene PTFB» etfaylene-propylme copolynmr (EPDKQ, polyamide, polyimlde, 
polyurethane or polyester. Anoflier ffoisp is thermosetting polymers such as epoxy resins 
or cyanoaci^ates. Elastomers such as silicone rubber or EPDM are also suitable. 

The polymer can be used bofli in the form of a precut fihn frame, or as a liquid or 

10. molding paste, to qpply the polymeric sealing material. 

When precut films are used to seal the membrane electrode unit according to the 
invmtion, they can be inserted between two appropriately precut frames of thermoplastic 
material in a press. The frames are cut so that the interior cutouts enclose the form of the 
particular active surface as exactly as possible. Then the polymeric fihn material is 

1 5 melted with use of heat and pressure. After that, it suirounds the outer region of die 
semi-coextensive gas distributor substrates and the fi:ee surface of the membrane. 

When the polymeric sealing material is used in liquid form or as a molding paste, 
the polymer is first appUed to the edge region of the mend>rane electrode u^^ 
usual application methods such as doctor blades, spraymg, immersing, injection molding, 

20 and various printing techniques. Then the polymor is shaped and cured. Special 

structures can be formed in the process, according to die design of the cell plates of the 
fuel cell stack. T he curing of the polymeric sealing material can be accomplished by 
contact widi moisture in tbe air and/or at elevated temperature, dependmg on the type and 
nature of the polymer. 

25 It is also possible to impregnate the peripheral region of the gas distributor 

substrate of the membrane electrode unit according to the invention widi the 
thermoplastic polymer material so that it is gas-tight To do so, the polymer frames are 
cut so that their inner cutouts are somewhat smaller than the surface of the smaller gas 
distributor substrate of the membrane electrode unit. Ibe polymer material is melted 

30 with application of heat and pressure. Tlien it impregnates die peripheral region of die 



two semi-coextensive gas distributor substrateSi going tbrou^ to the membrane, and 
surrounds the open surface of the membrane and the gas distributor structures. 

Still another possibility for doing this involves binding a precut outer frame to the 
MEU according to the invention by means of a liquid polymeric sealing material. The 
S membrane electrode unit which is finally completed in this manner is a one-piece 

composite which can be manipulated mechanically well, which can be incorporated into a 
fuel cell stack by a siasple jrocess. 

Having now generally described the invention, the same may be more readily 
understood Arough the following reference to the following exaiiq)les, which are 
10 provided by way of illustration and are not intended to limit flie present invention unless 
specified 

Examples 

The following exanq;>les are intended to explain embodiments of the invention. 
Example 1: 

IS Production of a membrane electrode unit accordmg to the invention with semi- 

coextensive design. 

First, two catalyst-coated gas distributor substrates, each with a platinum loading 
of 0.25 mgPl/cm^ are prepared. Nonwoven carbon fiber cloth of the SIGRACET30BC 
type (hydrophobized, witti micioporous layer; SGL Co., Meitingen) is used. Special 
20 patterns are used to make 

a) gas distributor substrate A witti dimensions of 73 x 73 mm; 

b) ps distributor substrate B with dimensions of 75 x 75 mm; and 

c) Nafion 112® membrane O^uPont Fluoroproducts, Fayetteville, USA) with 
dimensions of 75 x 75 mm. 

25 The gas distributor substrates A and B are positioned on the sides of the 

membrane with their catalyst-coated sides tumed toward the membrane, and with the 
smaller gas distributor substrate A centered on the membrane. Then the structure is 
pressed at 150 and apressure of 150 N/cm^ The finished membrane electrode unit 
has a semi-coextrasive design with a 1 mm edgp of free membrane. 

30 
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To seal the MEU produced in that manner, frames 0.21 mm thick are cut from a 
polyamide fihn (Type: Vestamelt 3261, Epurex Company, Walsrode) in the sizes 

a) 100 X 100 mm outside dim^ions and 71 x 71 mm inside dimensions, and 

b) 100 X 100 mm outside dimensions and 75 x 75 mm inside dimensions. 

5 The membrane electrode unit is centered, with the gas distributor substrate B 

down, on a frame (0.210 mm fluck) with the inside cutout dimensions 71 x 71 mm. 
Another frame (total thickness 0.210 mm) widi inside cutout dimensions 75 x 75 mm is 
placed around die outside of die menibrane electrode unit. Similarly, a firame (0.210 mm 
thick) with inside cutout dimrasions 71 x 71 mm is cmtered on the surface of the smaller 

10 gas distributor substrate A. 

The entire assembly is packaged between two release fihns and initially heated in 
a hot press for 90 seconds without pressure at a plate tenq)^ature of 165 X. Then the 
press force is raised to 10 metric tons and the assembly is pressed for 30 under that force. 
Then it is cooled to room temperature. The finished membrane electrode unit with semi- 

15 coextensive design has a smooth, transparent plastic edge, which adheres very well to die 
MEU. 

Comparison example 1 (VB Y\ 

A membrane electrode unit with coextensive design is produced in principle as 
20 described in Exanq)le 1 , but bodi &e gas distributor substrates used (A, B) and the 

membrane have the same surface dimensions of 73 x 73 mm. The MEU does not have an 
edg^ of free mraibrane. 

The sealing of the MEU is done as in Example 1, using the same polyamide film 
and with the same process parameters. The MEU has a smooth, transparent plastic edge 
25 which has less adhesion to the MEU than Example 1 . 

Electrochemical tests 

The conqiletely sealed membrane electrode units fi^om Exan[q>le 1 and the 
Comparison Example (VB 1) were tested in a PEM test cell having an active cell area of 
30 50 cm^ in hydrogen/air operation. Furst, die open cell voltage without a current load was 
measured C'OCVO. Thm the amount of hydrogen penetrating fit>m die anode side to die 
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cathode side was measured ('*hydrogen penetration cuirent^^ by means of cyclic 
voltammetry (CV)* Table 1^ shows a con^arison of the values measured. It becomes 
clear that the gas spaces in the membrane electrode unit according to the invention are 
sealed off firom each other better than in (he comparison MEU with ^'coextensive** design 
S (Conq)arison Exanq>le VB 1). 

Conqiarison of the open cell voltagp (OCV) and Ae hydrogen penetration current 
10 of membrane electrode units with ''coextensive** and ''semi-coextensive** design. 





Design 


Opea cell voltage 
[OCV,mV] 


Hydrogen 
penetration current 
[mA/cm^] 


Comparison 
example (VBl) 


coextaisive 


890 


>4 


Example 1 


semi-coexteisive 


950 


0.89 



)Vhile ttie invmtion has been described in connection with ^ecific embodhnents 
,fliereof» it will be understood fliat it is capable of fintiier modifications and this 
IS application is intended to cover any variations, uses, or adaptations of the invmtion 
following, iji SBami, the prmciples of the invention and including such departure fiom 
the present disclosure as come within known or customary practice wi&in the art to 
which flie invention pertains and as may be applied to die essential features hereinbrfore 
set forth and as follows in the scope of die appended claims. 

20 
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What is claimed; 

1 . A membrane electrode unit for electrochemical equipment, containing an 
ionically conductive membrane with a £ront and back side, a first catalyst layer 
and a first distributor substrate on the fixmt side and a second catalyst layer 
and a second gas distributor substrate on the back side, in which ^e first gas 
distributor substrate has lesser surface dimensions than the iomcally conductive 
memibrane and flie second gas distributor substrate has essentiaUy flie same 
surface dimensions as tiie ionically conductive membrane . 

2. A membrane electrode unit according to claim 1 , wherein the catalyst 
layer on the front side and the catalyst layer on the back side of the ionically 
conductive membrane have different surface dimensions. 



IS 3. A membrane electrode unit according to claim 1 , wherein iho catalyst 

layer on the fi:ont side and the catalyst layar on the back side of the ionically 
conductive membrane have flie same surface dunensioiis. 

4. A membrane electrode unit according to claim 1, wherem the ionically 

20 conductive membrane on die fixmt side has a surface that is not supported by a gas 

distributor substrate. 



5. A membrane electrode unit accordmg to claim 1 , wherein the catalyst 
layers on the front side and on the back side contain catalysts containing noble 

25 metals and optionally ionically conductive materials. 

6. A membrane electrode unit according to claim 1, wherein the ionically 
conductive m^brane conq>rises organic polymers, such as proton^conducting 
perfluorinated polymeric sulfonic acid compounds, doped polj^enzunidazoles, 

30 polyedi^ ketones, polysulfones or ionically conducting c^amic materials, and 

has a tiiickness of 10 to 200 fua 
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A membrane electrode unit according to claim 1» wherein the gas 
distributor substrate comprises porous electricaUy conductive materials containing 
carbon fiber paper, carbon fiber nonwoven cloth, carbon fiber cloth, metal mesh, 
metallized fiber cloth» or combination thereof. 

A membrane electrode unit according to claim 1, wherein the edge of ttie 
g^s distributor substrate and ttie free surface of the ionically conductive 
membrane not supported by a gas distributor substrate are surrounded by a sealing 
material. 

A membrane electrode unit according to claim 8, whmm the sealing 
material additionally inq)regnates an edge region of the gas distributor substrates 
to a dq>th of at least 1 mm. 

A membrane electrode unit according to claim 8, wherein the sealing 
material contains thermoplastic polymers of polyethylene, polypropylene, 
polytetrafluoroethylene, PVDF, EPDM, polyester, polyamide, polyamide 
elastomers, polyimide, polyurethane, silicone, silicone elastomw, or 
combinations thereof and/or thermosetting polymers of epoxides, cyanoacrylates 
or combinations hereof. 

A membrane electrode unit according to claim 8, wherein die sealing 
material is integrally combined with another peripheral plastic frame. 

A process for producing a membrane electrode unit according to claim 1, 
comprising combining two catalyst-coated gas distributor substrates with the front 
and back sides of an ionically conductive membrane. 

A process for producing a membrane electrode unit according to daun 1, 
conqnrising combining two gas distributor substrates which are not catalyst-coated 
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with the fiont and back sides of m ionically conductive membrane coated with 
catalyst on both sides. 



14. A process for producing a membrane electrode unit according to claim 8, 
S wherein the surface of the ionically conductive membrane not supported by a gas 

distributor substrate is brought directly into contact widi sealing material. 

15. A process for producing a membrane electrode unit according to claim 14, 
wherem the sealing material is cured by elevated pressure and elevated 

10 tenq[)erature or by contact with air moisture and/or elevated temperature. 

16. Use of the membrane electrode units according claim 1 to produce cell 
stacks for electrochemical equipment. 

IS 17. Use ofthe membrane electrode units according to claim 1 toproducea 

iiielcell. 



20 
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Abstract 

The invention concerns a membrane electrode unit (MEU) for electrochemical 
5 \ equipment, especially for membrane fuel cells. The membrane electrode unit has a 
"semi-^extensive*'*desi0i and contabs an iom 

layers, and gas distributor substrates of di£ferent sizes on the fiont and back sides. The 
first gas distributor substrate has smalls surface dimensions &an the ionically conductive 
, , membrane, while flie second gas distributor substrate has flie same area as Uie ionically 
10 conductive membrane. The menibrane electrode unit has, because of its special design, a 
stable structure that can be handled well, and which exhibits advantages for sealing the 
reactive gases offfix)m each other and in its electrical properties. In particular, the 
hydrogen penetration cuirent is distinctly reduced. The membrane electrode unit is used 
in PEM fuel cells, direct methanol fuel cells, electrolyzers, and oftier electrochemical 
IS equipment. 



IS 



Figure 1 




Figure 3 




Figure f 
(7a) a) (4) 




(7) (7a). 
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48160.1 



AnnlleattonData8h«at 
Application Information 

ApplicaficnType:: 

Subject Matter:: 

Title Line One:: 

Title Line Two:: 

Attorney Doctcet Number:: 

Request for Early Publication?:: 

Request for Non-Publication?:: 

Total Drawing Sheets:: 

Smalt Entity?:: 

Petition included?:: 

Secrecy Order In Parent Appl.?:: 



Regular 

Utility 

Membrane Electrode Unit for 

Eledrocliemical Equipment 

13574 US 

No 

No 

2(Rgs.1-4) 
No 
No- 
No 



Applicant InformaUon 

AppHcant Authorify ^e:: 

Primary Otlzaisliip Country:: 

Status:: 

Given Name:: 

FanrilyName:: 

Cityof R^idence:: 

Country of Residence:: 

Street of mailing address Line 1 :: 

City of mailing address:: 

State or Province of mailing address:: 

Postal or Zip Code of mailing address:: 

Country of mailing address:: 



Inventor 
Gennsufi 
Full Capacity 
Ralf 
Zubor 

Grossosthdm 

Gemnany 

Grossostheim 

Valentin-Hock Str. 11. 

DE 

63762 

Germany 



Applicant Authorify type:: 

Primary Citizenship Country:: 

Status:: 

Given Name:: 

Family Name:: 

City of Residence:: 

COUhtfyofResrefericiS:: " 

Street of mailing address Une 1:: 

City of mailing address:: 

State or Province of mailing address:: 

Postal or Zip Code of mailing address:: 

Country of mailing address:: 



Inventor 

German 

Full Capacity 

Klaus 

Schaadc 

Obemburg 

Qenfidny 

Am Tiefentai 28 

Obemburg 

DE 

63785 . 
Gennany 



Applicant Authorify type:: 

Primary Citizenship Country:: 

Status:: 

Given Name:: 

Family Name:: 

Cify of Residence:: 

Country of Residence:: 

Street of mailing address Une 1 :: 

Cify of mailing address:: 

Postal or Zip Code of mailing address:: 

Country of mailing address:: 



Invontor 

Gennan 

Full Capadty 

Sandra 

Witipahl 

Obertshausen 

Gennany 

Birfcenwaldstr. 20b 

Obertshausen 

63179 

Germany 



Page #2 



Initial 10/30/03 



Applicant Authority type:: 
Primary Citizenship Country:: 
Status:: 
Given Name:: 
Family Name:: , 
•Clty<>f Residence:: 
Country of Residence:: 
Street of mailing address Une 1:: 
City of mailing address:: 
Postal or Zip Code of mailing address:: 
Country of mailing address:: 



Inventor 
Gemnan 
Full Capacity 
Holger 
Dzialias 

Freigericht-Neuses 

Gennany 

Kolpingstr. 6 

Freigericht-Neuses 

63579 

Germany 



Applicant Authority type:: 

Primary Citizenship Country:: 

Status:: 

Given Name:: 

Family Name:: 

CityofRi9sidence:: 

Country of Residence:: 

Street of mailing address Une 1 :: 

City of mailing address:: 

Postal or Zip Code of mailing address:: 

Country of mailing address:: 



rnventor 

German 

Full Capacity 

Peter 

Selpd 

Alzenau 

Germany 

Am Dachst}erg 3a 

Alzenau 

63755 

Gennany 



Page #3 



Initial 1Q/3Q/03 



Comspondene InfbrmaUon 
Correspondence Customer Number: 2371 9 
Representative Information 

i Representative Customer Number: 



I 23719 



Foreign Priority information 



Country:: 


Application numbenr 


Filing Date:: ' 


Priority 
Claimed:: 


Germany 


10331836.4 


July 14. 2003 


YES 



Assignee information 

Assignee name: UMICORE AG & Co. KG 

City of mailing addres Rodenbacher Chaussee 4 

Postal or Zip Code of mailing address:: 63457 Hanau-WoHgang 

Country of mailing address:: Germany 



Page #4 



Initial 10/30/03 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 




TEXT OR drawing; 



U BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRA^CALE DOCUMENTS 

IlkUNES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



